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while there were no signiﬁcant improvements in scores of SF-8 mental
component summary. In addition, the video-based exercise group showed
signiﬁcant reduction of BMI at 3 and 6 months, but the control group not.
The improvements at each period in WOMAC, SF-8 physical component
summary, and VAS scores were signiﬁcantly greater in the video-based
exercise group than in the control group, while we failed to ﬁnd signiﬁcant
differences in the amount of BMI loss between these two groups.
Conclusions: Video-based home exercise can enhance adherence to pre-
scribed exercise program and produce substantial improvements in pain,
physical function and quality of life in patients with knee OA.
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Purpose: Physical therapies have frequently shown to delay progression
of cartilage damage in osteoarthritis (OA). We and other labs have shown
anti-inﬂammatory effects of mechanical loading in appropriate magnitudes
on chondrocytes and cartilage in vitro. However, knowledge in the systemic
effects of exercise in vivo is still lacking. In order to elucidate the effects
of mechanical loading on the progression of OA, we carried out global
analyses of gene expression in the cartilages using an animal model.
Methods: OA was induced in Sprague Dowley rats (12 to 16 wks old
females, n=10/group) by intra-articular injection of mono-iodoacetate (MIA,
2 mg/50μl saline). The OA progression was morphologically and histolog-
ically monitored on days 5, 10, 15 or 21 after injection. In addition, rats
were subjected to daily exercise on treadmills (12 ft/min) for 45 minutes
following onset of OA for 1, 5, or 9 days. All rats were sacriﬁced on day 21,
and femurs were extracted for morphological, histological and microarray
analyses. Genome-wide gene expression of cartilages were assessed by Af-
ﬁmatrix Rat GeneChip 1.0 ST Arrays followed by gene expression analyses
by Partek Genomic Suite and Ingenuity Pathways Analysis. Alternatively,
femurs were ﬁxed in formalin for histological analysis.
Results: MIA induced a time dependent progression of cartilage/bone
damage in femur. Although cartilage lesion development was morpholog-
ically/histologically visible only after day 9 post-MIA injection, more than
1300 genes (586 upregulated and 777 downregulated) were signiﬁcantly
(p<0.05) regulated with more than 2-fold change compared to untreated
control. Temporal changes of gene expression according to OA progres-
sion were clustered to 5 distinct groups of genes and analyzed for their
functional implications by IPA (Fig. 1).
Figure 1
The clusters were groups of genes: 1) that have a peak-upregulation at
day 5 after MIA injection (Cluster I - immunological disease-related); 2)
that have a peak-upregulation at day 9 after MIA injection (Cluster II -
immune cell traﬃcking-related); 3) that have a peak-upregulation at day
21 after MIA injection (Cluster III - immune response-related); 4) that have
a peak-downregulation at day 5 after MIA injection (Cluster IV - skeletal
development and function-related); 5) that have a peak-downregulation at
day 9 after MIA injection (Cluster V - skeletal development and function-
related). The subjection of rats to exercise exhibited different effects on
the progression of OA depending on the initial stage of OA at the time
of intervention; early intervention (1 day post-OA induction) resulted in
the prevention of cartilage/bone damages while late intervention (9 day
post-OA induction) induced greater cartilage/bone damage compared to
non-exercised OA control (Fig. 2). Early exercise suppressed 53% of the
genes that were induced by OA in the inﬂammatory Clusters I, II and
III while upregulated 32% of the genes in the skeletal development and
function-related Clusters IV and V. On the contrary, later intervention of OA
with exercise (5 day post-OA induction) resulted in only 17% suppression
and 7.5% upregulation in catabolic Clusters I, II, III and anabolic Clusters IV
and V, respectively. Network analysis of the effects of early exercise showed
that mechanical loading suppresses inﬂammation by downregulating NF-kB
complex while promotes matrix synthesis by upregulating TGF-b activity.
Figure 2
Conclusions: The eﬃcacy of exercise to prevent the progression of OA is
dependent on the timing of intervention. Early intervention of OA with
exercise delays the disease progression by suppressing inﬂammation and
promoting matrix synthesis while late intervention aggravates the disease.
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Purpose: The objective of the study was to implement an active rehabilita-
tion program to improve preoperative knee function in patients scheduled
for cartilage repair surgery
Methods: Patients scheduled for cartilage repair surgery with a focal
femoral condyle cartilage lesion assessed with knee arthroscopy were
included. Further inclusion criteria were patients between 17 and 50 years
of age, no ligament injury, and a Lysholm score of less than 75. All patients
had completed a rehabilitation program prior to inclusion of the study.
Outcome measurements were Lysholm score, Cinncinati score, IKDC2000,
all subscales of KOOS (pain, symptoms, ADL, Sport, QOL), isokinetic quadri-
ceps and hamstring muscle strength tests (Biodex 6000), four single leg
hop tests, and the Tegner activity scale. The three months active rehabili-
tation program included neuromuscular and strength exercises under the
supervision of a physical therapist. Each patient received a questionnaire
every second week through email (Questback) to record compliance to the
active rehabilitation program, in addition to a speciﬁc training diary ﬁlled
in by the patients at each physical therapy visit. Patients were tested prior
to start (baseline) and re-tested after the end of the three months active
rehabilitation program (post rehab test). At post rehab test all patients
were offered cartilage repair surgery.
Results: Forty-eight patients, 70% men, with a mean age of 34 years (±9.3
years) and a BMI of 27 (±5.0) with a cartilage lesion on the medial femoral
condyle (84%), and with a mean cartilage lesion of 2.9cm2 (1.0-6.0cm2)
were tested at baseline. Forty-two patients (88%) were tested post rehab
at a mean of 103 days (±29.2 days) after baseline testing. There were
signiﬁcant improvements from baseline to post rehab test for the following
outcome measurements: the Lysholm score with a change in score of 8.1
points (CI: 2.2-14.0, p=0.008), the Cincinnati score with a change in score of
9.2 points (CI: 4.6-13.8, p=0.0002), the IKDC2000 with a change in score of
10.7 points (CI: 5.8-15.7, p<0.0001), the KOOS pain with a change in score
of 5.6 points (CI: 0.7-10.5, p=0.03), the KOOS symptoms with a change in
score of 6.7 (CI 2.3-11.0, p=0.003), the KOOS ADL with a change in score of
5.1 points (CI: 0.1-10.1, p=0.045), the KOOS Sport with a change in score of
15.5 points (CI: 8.0-23.1, p<0.0002), the KOOS QOL with a change in score
of 11.4 points (CI: 6.4-16.4, p<0.0001), the quadriceps muscle strength
(injured side) with a change in peak torque of 41.2 Nm (23% improvement,
CI: 30.1-51.7, p<0.0001), the hamstring muscle strength (injured side) with
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a change in peak torque of 23.7 Nm (24% improvement, CI: 17.0-30.3,
p<0.0001), and a signiﬁcant improvement (10% -15%) for all the single leg
hop tests (p<0.001), except for the timed hop test (3%). Tegner activity
scale increased signiﬁcantly form a median of 2.5 (0-6) to 3 (0-7) (p=0.01).
After the active rehabilitation program 64% of the patients did not want
to undergo cartilage repair surgery and postponed surgery. Thirty-six
percent went through cartilage repair surgery. Seventy-nine percent of the
patients responded electronically to the compliance questionnaire through
emails (Questback), and they attended the active rehabilitation program on
average twice a week during the 12 week program (1 to 5 visits per week).
Conclusions: The three months active rehabilitation program signiﬁcantly
improved knee function, muscle strength, lower extremity performance,
and activity level to such a degree that 64% postponed surgery, in short
term, but longer follow-up are needed. Not all patients responded to
the active rehabilitation program, some patients still had signiﬁcant knee
impairments and disabilities. A preoperative active rehabilitation program
to optimize knee function should be encouraged to examine responders
and non-responders to exercise therapy prior to cartilage repair surgery.
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Purpose: To validate the prediction of OA progression over 1-2 years
from a baseline x-ray using subchondral bone trabecular integrity (BTI) as
determined by fractal signature analysis, and evaluate whether BTI changes
concurrently with OA progression.
Methods: Patients: Longitudinal (baseline, 12 and 24 months) digital knee
x-rays were available from a natural history study for 60 female subjects
with knee OA (Kellgren Lawrence grades 2 to 3 OA of signal knee) and
67 gender- and age-matched (to within 5 years) individuals representing
a reference group (Kellgren Lawrence grade 0 knees bilaterally). The mean
(SD) of age was 58±8.5 years for OA participants and 55±9.0 years for
non-knee OA participants. Fixed ﬂexion x-rays were performed on both
knees.
Biomarkers: Medial minimum joint space width (mJSW), medial com-
partment inter-bone joint space area (JSA) and fractal signatures were
acquired using the KneeAnalyzer application developed by Optasia Medical
(Manchester, UK). KneeAnalyzer utilizes computer-aided detection based
on statistical contour modeling to provide highly reproducible quantitative
measurements. OA progression was deﬁned as the 12- and 24-month
change in mJSW and JSA from radiographs.
Statistical Analysis: BTI of the subchondral region of the medial tibial
plateau was determined by modeling the overall shape of the fractal sig-
nature (fractal dimension at multiple scales). Correlations between fractal
dimension and radius were summarized using the linear and quadratic
terms from a second order multiple regression model with a non-centered
polynomial.
Results: Baseline BTI of the medial tibial plateau predicted OA progression
over 24 months based on change in medial knee JSA (p=0.006), change in
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medial mJSW (p=0.029). Baseline BTI was also predictive of OA progression
over 12 months based on change in medial JSA (p=0.007). In the reference
group, there was no signiﬁcant change in either outcome variable and no
association with bone trabecular integrity.
Receiver Operating Characteristic curves demonstrated 75% predictive ca-
pability of BTI to predict 30% change in joint space area over 24 months. In
cross sectional analyses, change in BTI correlated with concurrent change
in both measures of OA progression and was signiﬁcant for change in
medial JSA.
Conclusions: We validated bone trabecular integrity as a prognostic marker
of knee OA based on radiographic determined progression and identiﬁed a
new radiographic outcome, joint space area, which may be promising as
an outcome measure for OA clinical trials. In addition, change in medial
subchondral BTI (in the vertical dimension) was correlated with concurrent
OA progression based on medial compartment change in JSA over two
years; as well as change in medial JSN over 12 months. There was no
evidence for association of OA progression and concurrent change in BTI in
the horizontal dimension.
046
VITAMIN K DEFICIENCY IS ASSOCIATEDWITH INCIDENT KNEE
OSTEARTHRITIS AND CARTILAGE LESIONS ONMRI: THE MOST STUDY
D. Misra1, S.L. Booth2, D.T. Felson1, M.C. Nevitt3 , C.E. Lewis4, J. Torner5,
T. Neogi1
1BUSM, Boston, MA; 2HNRCA at Tufts Univ., Boston, MA; 3UCSF, San Francisco,
CA; 4UAB, Birmingham, AL; 5Univ. of Iowa, Iowa City, IA
Purpose: Vitamin K-dependent proteins in bone and cartilage are important
regulators of mineralization. Inadequate vitamin K can lead to diminished
functioning of these proteins, resulting in abnormalities that parallel pro-
cesses seen in osteoarthritis (OA), such as chondrocyte abnormalities,
cartilage calciﬁcation, and abnormal endochondral ossiﬁcation. Because
low vitamin K intake is not uncommon among older adults, vitamin K
deﬁciency could contribute to OA-related changes. We have previously
demonstrated a cross-sectional association between low vitamin K and
radiographic hand OA. In the current study, we examined the association of
vitamin K deﬁciency with incident radiographic knee OA and with incident
cartilage and osteophyte abnormalities on MRI.
Methods: The Multicenter Osteoarthritis (MOST) Study is a longitudinal
observational study of individuals with or at high risk for knee OA. A
subsample of the cohort had baseline vitamin K (plasma phylloquinone)
concentrations measured. These participants also had baseline and
follow-up knee x-rays and MRIs (1.0 T; axial and sagittal proton density
fat suppressed and coronal STIR sequences). Vitamin K status was deﬁned
as deﬁcient if <0.5nM. Among knees without OA at baseline, incident
radiographic OA was deﬁned as knees that developed KL grade ≥2 at 30
months. Cartilage morphology was scored on MRIs using modiﬁed WORMS
(0-4) in 14 subregions of the knee (tibiofemoral and patellofemoral joint).
Osteophytes were also scored in these subregions using WORMS (0-7).
Incident cartilage lesions and incident osteophytes were deﬁned as any
cartilage morphology score ≥1 and osteophyte score ≥2 at 30 months,
respectively, among knees without any cartilage lesions or osteophytes
at baseline, respectively. We examined the relation of vitamin K status
(deﬁcient vs not deﬁcient) with incident ROA, incident cartilage lesions and
